ABSTRACT Three experiments were conducted to evaluate the use of corn oil in the diet of commercial layers as a method of increasing egg weight. In the first experiment, the performance of commercial layers receiving 6% added corn oil beginning at 18 to 30 wk at 2-wk intervals was evaluated. In the second experiment, comparisons were made between performance of young and old commercial layers when 6% corn oil was added to the diet. The third experiment was conducted to evaluate the effects upon commercial layers when 6% corn oil was added to diets varying in Trp content.
INTRODUCTION
Increasing egg weight (EW) is of considerable economic importance, especially during early egg production and periods of hot weather. The price spread in Florida between medium and large eggs has ranged from 4 to 38 cents per dozen (Bohnsack et al., 2002) . Extensive research has been conducted on increasing EW. Supplemental fat has been shown to produce small increases in EW (Hochreich et al., 1958; Combs and Helbacka, 1960) . The addition of corn oil to the diet has been shown to be the most effective fat source for increasing EW (Jensen et al., 1957; Marion and Edwards, 1964; Bohnsack et al., 2002) . In To whom correspondence should be addressed: harms@animal. ufl.edu. 3 University of Tehran, Tehran, IRAN. 4 Universidade de Sao Paulo (USP), Pirassununga, Brazil. 447 decreased when corn oil was added to the diet. In experiment 2, egg weights from young and old hens increased during the first 2 wk after corn oil was added to the diet. During the last 2 wk, egg weights from young hens decreased, whereas egg weights from old hens increased. In experiment 3, egg weight was not affected when the diet contained 0.166 or 0.176% Trp. However, egg weights significantly increased when corn oil was added to the diet containing 0.193% Trp.
The data in these experiments indicate that the diet of a laying hen must contain a high level of Trp to get an increase in egg weight from the addition of corn oil to the diet. Also the need for other amino acids must be met. Therefore, the hen eats to meet her energy requirement for maximum egg production, and her amino acid intake determines the egg weight. recent studies, the addition of 6% corn oil to the diet resulted in a 2.5-g increase in EW (Harms et al., 2000; Bohnsack et al., 2002) . Harms et al. (2000) reported a significant interaction of weeks by diet for feed consumption (FC), energy intake (EI), and EW when 6% corn oil was added to the diet. There was a significant increase in EW during the first 2 wk when hens were fed the highenergy diet. However, the hens were not as responsive after several weeks of receiving the high-energy diet.
In previous experiments the dietary energy was increased 10%, and hens failed to adjust feed intake to reduce EI (Harms et al, 2000; Bohnsack et al., 2002) . It was anticipated that hens would reduce feed intake by 10% when the energy was increased 10%; however, hens reduced FC only by 3%. The nutrient content of the diet was increased by 10% with the expectation of a 10% decrease in feed intake. These additional nutrients increased feed cost, partially offsetting the economic benefits of supplemental fat. Based on the fact that FC was decreased by slightly less than 3%, only a 3% increase in amino acids would have been necessary to supply an adequate amount of amino acids. The purpose of these experiments was to examine the effects of adding 6% corn oil to the diet of commercial laying hens at various ages and with different levels of dietary Trp.
MATERIALS AND METHODS
All experiments were conducted in thermostatically controlled houses to obtain uniform feed intake. The temperature ranged from 23.9 to 26.7°C. All hens were housed in individual wire cages (25.6 × 42.6 cm) at 18 wk of age. Feed and water were offered ad libitum.
The EW from each hen was obtained weekly from the last egg produced. Average EW per replicate was recorded for weekly performance analysis. Egg production (EP) was recorded for each hen, and the replicate average of hen-day EP was calculated for weekly performance analysis. FC was obtained biweekly. Egg mass (EM) was calculated by multiplying EW times EP. Trp and EI intakes were calculated by multiplying the dietary contents of each by the amount of feed consumed. The amount of Trp and energy consumed per gram of EM were calculated by dividing daily intake by EM. Body weight change was determined by comparing individual measurements taken at the beginning and end of the study.
Experiment 1
Sixty-four replicate groups of 5 individually caged HyLine W-36 pullets were used. The experiment went from 18 to 34 wk of age.
The eight treatments were used. The control (treatment 1) hens were fed a corn-soybean meal basal diet (Table  1 ; diet 1) throughout the entire 16-wk period. Diet 2 was formulated to contain 6% corn oil and 3% more amino acids than the control. The addition of 6% corn oil increased the energy content of the diet by 13% based on values of NRC (1994) . Treatment 2 received the diet containing 6% corn oil (Table 1 ; diet 2) from 18 to 34 wk of age. Thereafter, at 2-wk intervals, another group of 8 replicates was changed to the diet containing 6% corn oil, forming treatments 3 to 8. Eight replicates of 5 hens were fed each diet.
Comparisons were made for performance of hens fed the control diet and hens that received the corn oil at 18 wk of age (1 to 16 wk). These same comparisons were made for each treatment during the time that corn oil was added to the diet. These comparisons were made for the performance during the first 2 wk after the addition of corn oil, the last 2 wk of the experiment, and the average for the entire experiment. Also, a comparison was made for the average of control and average of all treatments for each period. Data were analyzed using one-way analysis of variance (SAS Institute Inc., 1982) .
Experiment 2
Two groups of young hens (26 wk of age) were used in experiment 1. The control group comprised the same hens fed the control diet in experiment 1. Hens fed the diet with added corn oil were the same hens on treatment 6 in experiment 1. Collection of data was started when the hens were 26 wk old.
Eighty Hy-Line W-36 hens, 59 wk of age, were randomly housed and assigned to 16 groups of 5 individually caged hens at the same time that the 18-wk-old pullets were housed. These hens were fed the control diet (Table  1 ; diet 1) for 8 wk. Eight replicates of 5 hens continued to receive the control diet throughout the entire experiment (Table 1 ; diet 1). When the hens were 67 wk of age, 8 replicates were fed the diet containing 6% added corn oil (Table 1 ; diet 2). The experiment was terminated when the pullets and hens were 34 and 75 wk of age, respectively.
Comparisons were made for performance of young and old hens fed the control diet and hens fed the diet with added corn oil during the first 2 wk after the addition of corn oil to the diet, the last 2 wk of the experiment, and for the entire experimental period. Data were analyzed using one-way analysis of variance (SAS Institute Inc., 1982) .
Experiment 3
Two hundred forty Hy-Line W-36 hens were randomly assigned to 48 groups of 5 individual cages. All hens were fed a corn-and-soybean-meal basal diet from 18 to 32 wk of age (Table 1 ; diet 5). The experiment was initiated at 32 wk of age and terminated at 40 wk of age.
A 2 × 3 factorial arrangement of treatments was used. The treatments consisted of 2 levels of added corn oil (0 and 6%) and 3 levels of Trp (0.166, 0.176, and 0.193%) (Table 1 ; diets 3 to 8). Corn and soybean meal were varied to obtain the 3 levels of Trp. Met and Lys were added to the diet to ensure an adequate intake of these 2 amino acids. Eight replicates of 5 hens were fed each diet. Data for each measurement was analyzed using a 2-way analysis of variance (SAS Institute Inc., 1982) . Significant differences among the 6 treatments were determined by Duncan's (1955) multiple range test.
RESULTS AND DISCUSSION

EP
Experiment 1. During the first 2 wk that corn oil was added to the diet, EP was significantly reduced for hens switched to the corn oil diet at 18, 20, and 22 wk of age (Table 2) . EP was not significantly reduced when corn oil was added to the diet at other ages. During the last 2 wk of the experiment, EP was lower for hens fed the diets with corn oil than EP from hens fed the control diet at 18, 20, 22, and 24 wk ( Table 2) .
The EP for the entire experimental period was lower from hens fed the diet containing corn oil than EP from hens fed the control diet from 18, 20, 22, and 24 wk of age (Table 2 ). EP was significantly reduced when corn oil was added to the diet at 20 wk of age. Reduction of EP was evident after the corn oil was added to the diet for 7 d. Age at which corn oil was added to the diet.
2
The control (−) was the same hens throughout the column (treatment 1); diets containing corn oil (+) were for hens for each of the starting periods (treatments 2 through 8).
3
Performance of hens during the first 2 wk after addition of 6% corn oil. 4 Performance of hens during the last 2 wk of the study. 5 Avg = average. Performance of hens over the entire experimental period. 6 An average of the control (−) and 6% corn oil (+) in each column. Performance during the first 2 wk that the corn oil was added to the diet.
2
Performance during the last 2 wk of the experiment.
3
Overall averages for the entire experiment.
a-b
Means with the same superscript within each age and each time period or row do not differ significantly (P > 0.05).
Experiment 2. The EP was not affected during the first 2 wk when corn oil was added to the diet of young or old hens (Table 3) . EP was not affected when corn oil was added to the diet during the last 2 wk of the experiment for young or old hens (Table 3 ). There was a small increase (0.8 %) in EP in young hens fed the diet containing corn oil and a small decrease (1.1 %) in EP in old hens fed the diet containing corn oil. The addition of corn oil to the diet during the entire experiment did not significantly affect EP for young or old hens (Table 3) .
Experiment 3. The EP from hens fed the diet containing the highest level of Trp with the added corn oil was significantly lower than EP from hens fed the diet containing 0.176% Trp and no added corn oil (Table 4) . EP was highest from hens fed the diet containing 0.176% Trp with no added corn oil. Average EP was significantly decreased when corn oil was added to the diet of all hens. The levels of dietary Trp did not significantly affect EP.
EW
Experiment 1. During the first 2 wk after corn oil was added to the diet, the average EW increased 0.9 g for all treatments (Table 2 ). This increase in EW agreed with previous findings (Harms et al., 2000; Bohnsack et al., 2002) . However, the increase in EW was much smaller in the present experiment. The increase in EW was only significant when corn oil was added to the diet at 18, 22, and 28 wk of age. No response was observed when corn oil was added to the diet at 30 wk of age.
During the last 2 wk of the experiment, EW from hens fed the control diet were heavier than EW from hens fed the diets with corn oil (Table 2) . Furthermore, the difference during any week was not significant. The average decrease in EW during the last 2 wk was 0.9 g.
Average EW for the entire experimental period was not affected by the addition of corn oil to the diet regardless of the age at which the corn oil was added (Table 2 ). This finding did not agree with previous research (Harms et al., 2000; Bohnsack et al., 2002) . Also, EW from hens receiving the diets with 6% corn oil was slightly reduced for the entire experimental period, except when corn oil was added to the diet at 22 and 28 wk of age.
The increase in EW during the first 2 wk that corn oil was added to the diet, and the decrease in EW during the last 2 wk of the experiment resulted in an interaction (P = 0.0379) of week × diet when corn oil was added to the diet at 18 wk (Figure 1 ). The interaction of week and diet was also significant (P = 0.0035) when the corn oil was added to the diet at 20 wk (Figure 2 ). This interaction was the result of a slight increase in EW when corn oil was first added to the diet and a reduction of EW after wk 8. The interaction of week × diet was not significant when corn oil was added to the diet at 22 wk (P = 0.217) or when corn oil was added to the diet at 24 wk (P = 0.187). There was no indication of an interaction during wk 26, 28, or 30, as these hens only received the corn oil diet for 8, 6, and 4 wk, respectively. Experiment 2. Two weeks after the corn oil was added to the diet, EW increased 1.2 and 2.7 g from young and old hens, respectively (Table 4 ). This increase in EW was FIGURE 1. The interaction of week × diet for egg weight at 18 wk when hens were fed diets with and without corn oil. TRT = treatment. significant when corn oil was added to the diet of old hens.
Egg weight from young hens was not affected by adding corn oil to the diet during the last 2 wk of the experiment (Table 3) . However, EW significantly increased 1.7 g when corn oil was added to the diet of old hens.
Egg weight from young or old hens was not affected by the addition of corn oil to the diet during the entire experimental period (Table 3) . However, there was a 0.3-g decrease in EW from young hens and a 1.8-g increase in EW from old hens when the corn oil was added to the diet. EW were heavier from old hens than from young hens for the entire experiment. Experiment 3. Egg weights increased as the level of dietary Trp increased when corn oil was added to the diet (Table 4) . However, when the diet did not contain corn oil, EW increased as dietary Trp increased from 0.166 to 0.176% and then decreased as Trp increased from 0.176 to 0.193%. EW significantly increased (2.4 g) when corn FIGURE 2. The interaction of week × diet for egg weight at 20 wk when hens were fed diets with and without corn oil. TRT = treatment. oil was added to the diet of hens fed the diet containing 0.193% Trp. However, EW decreased 0.3 g when corn oil was added to the diet containing 0.176% Trp.
Average EW significantly increased when corn oil was added to the diet. EW was heaviest from hens fed the diet containing 0.176% Trp. The Trp × corn oil interaction was significant (P = 0.0073) for EW (Figure 3 ). This was a result of EW increasing when corn oil was added to the diets containing 0.166% and 0.193% Trp and decreasing when corn oil was added to the diet that contained 0.176% Trp.
EM Experiment 1.
During the first 2 wk that corn oil was added to the diet, EM was not significantly affected (Table  2) . During the last 2 wk of the experiment, there were no significant differences in EM among hens fed the 8 diets with corn oil (Table 2) . EM for the entire experiment was significantly decreased when corn oil was added to the diet at 20 wk of age (Table 2) . Otherwise, there were no significant differences among the treatments. Experiment 2. During the first 2 wk after corn oil was added to the diet, EM from young and old hens were not significantly affected (Table 3) . However, the EM decreased when corn oil was added to the diet of young hens and increased when added to the diet of the old hens. EM was not affected by the addition of corn oil to the diet of young or old hens during the last 2 wk of the experiment (Table 3) . There was a decrease in EM from young hens and an increase in EM from old hens receiving the diet with added corn oil.
The addition of corn oil to the diets of young and old hens did not affect EM over the entire experimental period (Table 3) . There was a decrease in EM when corn oil was added to the diet of young hens and an increase in EM when corn oil was added to the diet of old hens.
Experiment 3. The EM was lowest from hens fed the diet containing 0.193% Trp and no added corn oil as compared with the other treatments (Table 4) . EM was not different among the hens fed diets with the 3 different levels of dietary Trp or corn oil.
FC Experiment 1.
During the first 2 wk that corn oil was added to the diet, FC was significantly reduced below the FC of the control hens, except at 18, 28, and 30 wk of age (Table 2 ). The reduction of FC was 7.6, 5.1, 8.8, and 4.6 g when corn oil was added to the diet at 20, 22, 24, and 26 wk of age, respectively. There was a reduction of only 1.3 g in FC when corn oil was added to the diet at 30 wk of age. The average decrease in FC was 3.9 g during the first 2 wk that corn oil was added to the diet.
During the last 2 wk of the experiment, FC was significantly reduced at all ages (Table 2 ). There was an average decrease of 12.8 g in FC during the last 2 wk of the experiment.
Feed consumption of all hens fed the diets with corn oil was significantly reduced for the entire experimental period (Table 2 ). This reduction in FC was greater than observed in previous experiments (Harms et al., 2000; Bohnsack et al., 2002) . Reductions in FC for the entire experimental period were 8.4, 10.1, 7.8, 11, and 9.1 g when corn oil was added to the diet at 18, 20, 22, 24, and 26 wk of age, respectively, compared with FC of hens fed the control diet. The decreases in FC were only 5.7 and 6.6 g when corn oil was added to the diet at 28 and 30 wk of age, respectively. Average FC for all hens fed the diet containing corn oil was 8.4 g less than FC of hens fed the control diet.
Experiment 2. During the first 2 wk that corn oil was added to the diet, FC was significantly reduced in young hens but not in old hens (Table 3 ). FC significantly decreased during the last 2 wk of the experiment for young and old hens receiving corn oil in the diet (Table 3) . During this period, FC decreased 13.1 and 10.9 g in young and old hens, respectively.
When corn oil was added to the diet, FC was significantly reduced for young and old hens during the entire experimental period (Table 3 ). This reduction was 9.1 and 4.7 g in young and old hens, respectively. Experiment 3. Feed consumption was significantly higher from the hens fed diets with 0.176% Trp and no added corn oil than FC from hens fed other diets (Table  4) . Average FC was significantly lowered (6 g) when corn oil was added to the diets of all hens. However, there were no significant differences in FC among hens fed the diets containing different levels of dietary Trp.
EI Experiment 1.
Daily EI increased during the first 2 wk that corn oil was added to the diet, regardless of the age at which corn oil was added (Table 5 ). This increase was significant (P < 0.05) when corn oil was added at 18, 28, and 30 wk of age. The average increase in EI for all hens fed the diet containing corn oil was 16 kcal during the first 2 wk that corn oil was added to the diet.
The EI decreased during the last 2 wk of the experiment when corn oil was added to the diet (Table 5) , which Age at which corn oil was added to the diet.
2 Control (−) or diet containing 6% corn oil (+).
3
Performance of hens during the first 2 wk after the addition of 6% corn oil.
4
Perfromance of hens during last 2 wk of the study. Means with the same superscripts within a column do not differ significantly (P > 0.05).
resulted in a small, nonsignificant decrease in EI of 7 kcal of ME per day (Table 5 ). The EI for the entire experimental period was not significantly affected when corn oil was added to the diet at 18, 20, 22, 24, or 26 wk of age (Table 5 ). However, the EI for the entire experimental period was significantly increased when corn oil was added to the diet at 28 and 30 wk of age. This increase in energy was not as great as was observed in previous findings at our laboratory (Harms et al., 2000; Bohnsack et al., 2002) .
Experiment 2. The EI was not affected during the first 2 wk when corn oil was added to the diets of young hens but was significantly increased when corn oil was added to the diets of old hens due to an increase in FC (Table  3) . When corn oil was added to the diet, EI increased 13 and 37 kcal in young and old hens, respectively.
During the last 2 wk of the experimental period, EI was not affected by the addition of corn oil to the diet of young or old hens (Table 3) . EI for the entire experimental period was not affected by the addition of corn oil to the diets of young hens but was significantly increased when corn oil was added to the diets of old hens (Table 3) .
Experiment 3. The EI was significantly lower in hens fed the diets with 0.166 and 0.193% dietary Trp and no added corn oil than EI from hens fed other diets (Table  6 ). EI was greatest from hens fed the diet containing 0.166% dietary Trp with added corn oil. There were no significant differences in EI when the hens were fed different levels of Trp. However, EI was significantly higher when corn oil was added to the diet of the laying hen.
Energy Per Gram of EM Experiment 1. During the first 2 wk that corn oil was added to the diet, the energy per gram of EM increased (Table 5 ). This increase (P < 0.05) was for all ages except when corn oil was added to the diet at 24 wk of age. The energy per gram of EM during the last 2 wk of the experimental period was not different among the treatments (Table 5) . However, the energy per gram of EM for the entire experimental period was significantly (P < 0.05) increased when corn oil was added to the diet at all ages except at 24 and 26 wk (Table 5) .
Experiment 2. Energy per gram of EM of young hens was not affected during the first 2 wk following the addition of corn oil to the diet but was significantly increased when corn oil was added to the diets of old hens (Table  3) . During the last 2 wk of the experiment, energy per gram of EM significantly decreased when corn oil was added to the diet of young hens but was not significantly affected when corn oil was added to the diet of old hens (Table 3) . Energy per gram of EM significantly increased when corn oil was added to the diet of young and old hens for the entire experiment.
Experiment 3. Energy per gram of EM was lower from hens that were fed the diet containing no added corn oil than from hens that were fed diets with added corn oil (Table 6 ). Average energy per gram of EM significantly increased (0.34 kcal) when corn oil was added to the diet. Energy per gram of EM was more when hens received the diets with 0.166% Trp compared with hens fed the diet with 0.193% Trp. Means with the same superscripts do not differ significantly (P > 0.05).
A-C Means with the same superscripts among the three different levels of Tryptophan or between the treatments with or without corn oil do not differ significantly (P > 0.05). Trp Intake Experiment 1. Tryptophan intake (TI) was reduced during the first 2 wk that the corn oil was added to the diet at all ages except when corn oil was added to the diet at 18 and 28 wk of age. These reductions were significant (P < 0.05) only at 20, 22, and 24 wk of age (Table 5) . During the last 2 wk of the experimental period, TI was significantly reduced at all ages when corn oil was added to the diet (Table 5) .
The daily TI for the entire experimental period was significantly reduced when corn oil was added to the diet at all ages, except when corn oil was added to the diet at 28 wk of age (Table 5) .
Experiment 2. The TI was not affected during the first 2 wk after the addition of corn oil to the diet of young or old hens (Table 3) . However, TI was significantly reduced when corn oil was added to the diet during the last 2 wk of the experiment in young and old hens (Table 3) .
The TI was reduced during the entire experimental period when corn oil was added to the diet of young and old hens but was only (P < 0.05) in young hens (Table  3) . This reduction was 12 and 6 mg in young and old hens, respectively. Experiment 3. The TI was lower from hens fed the diet containing 0.166% Trp with added corn oil than TI for hens fed the other 5 diets (Table 6 ). TI significantly decreased each time corn oil was added to the diet. Hens receiving the diet with 0.193% Trp with added corn oil had the highest intake of Trp.
Trp Per Gram of EM Experiment 1. The Trp per gram EM was significantly reduced during the first 2 wk that corn oil was added to the diet at 22, 24, and 26 wk (Table 5 ). There was a nonsignificant reduction in Trp per gram of EM when corn oil was added at 20 and 28 wk of age.
During the last 2 wk of the experiment, the TI per gram of EM was significantly reduced each time corn oil was added to the diet (Table 5 ). The Trp per gram EM for the entire experimental period was significantly reduced when corn oil was added to the diet at all ages (Table 5) .
Experiment 2. Tryptophan per gram of EM was significantly reduced during the first 2 wk that corn oil was added to the diet of young hens (Table 3) . However, Trp per gram of EM significantly increased during the first 2 wk when corn oil was added to the diet of old hens. During the last 2 wk of the experiment, Trp per gram of EM significantly decreased in young and old hens receiving the diet containing corn oil (Table 3) . Trp per gram of EM was significantly reduced when young and old hens received the diet containing corn oil during the entire experimental period.
Experiment 3. Tryptophan per gram of EM was significantly lower from hens fed the diet containing 0.166% Trp with added corn oil than Trp per gram of EM from hens fed the other five diets (Table 6 ). Trp per gram of EM was significantly lower when corn oil was added to the diet and was significantly increased as the level of dietary Trp increased.
BW Change Experiment 1. Body weight change was not affected by the addition of corn oil to the diet at any age (Table  5 ). However, hens that received the corn oil diet gained more than the control hens.
Experiment 2. Body weight gain was greater in old hens than in the young hens when corn oil was added to the diet (Table 3 ). The addition of corn oil to the diet did not change BW gain with young or old hens.
Experiment 3. Body weight gain was increased each time corn oil was added to the diet (Table 6 ). The level of dietary Trp did not affect BW gain.
The addition of 6% corn oil to the diets in all 3 experiments resulted in increased EW during the first 2 wk that corn oil was added to the diet. However, EW decreased during the last 2 wk. In the first experiment, this increase and decrease in EW resulted in an interaction when corn oil was added to the diet at 18 wk (P = 0.0379) and at 20 wk (P = 0.0035). EP was not affected by the addition of corn oil in most cases.
A lack of a consistent response when corn oil was added to the diet does not agree with previous findings (Harms et al., 2000; Bohnsack et al., 2002) . However, the increase in EW during the first 2 wk in the first experiment does agree with earlier data. Also, the increase in EW from old hens in the second experiment and increase in EW from hens when corn oil was added to the diet containing 0.193% Trp agrees with previous findings (Harms et al., 2000; Bohnsack et al., 2002) .
The EW increased when the daily TI was greater than or equal to the requirement in these experiments. Also, when the diet did contain enough Trp, there was a decrease in EW when corn oil was added. In experiment 3 Met and Lys were added when Trp was increased. More studies need to be conducted to determine the amino acid level of the diet necessary to increase EW when corn oil is added to the diet. The daily amino acid need increased when EM increased as a result of increased EM.
